sulfur-treated, and (c) hydrogen-treated MoS2 flake, during the day when they were freshly-fabricated and after 2 weeks of storage in ambient conditions (25 °C, 1 atm). 
S7. Material composition study on the surface-treated MoS2 sample
As mentioned in the main text, the proposed sulfur and hydrogen treatments are expected to repair and create sulfur vacancies in the basal plane of MoS2, respectively. Here, we attest the hypothesis by investigating stoichiometry changes of the MoS2 prior to and following the proposed treatments through an X-ray photoelectron spectroscopy (XPS) study. A piece of bulk MoS2 flake was first cleaved from molybdenite crystal (SPI supplies ® ) and its XPS spectrum is shown in Figure S9 (labelled as P). It should be noted that all XPS spectra in this study were obtained by exciting the MoS2 sample with an Mg Kα source (XR 50, SPECS GmbH), and detected with a PHOIBOS 150 Hemispherical Energy Analyzer equipped with a Delay Line Detector (SPECS GmbH) at a pass energy of 30 eV. Subsequently, the MoS2 sample was subjected to the sulfur treatment and its XPS spectrum is plotted in Figure S9 too (labelled as S). The same MoS2 sample was then exposed to the hydrogen treatment and its XPS spectrum is also included in Figure S9 (labelled as S+H) for comparison purposes. As can be seen in Figure S9 , the Mo 3d
and S 2p XPS spectra of the MoS2 sample show slight changes after the sulfur treatment followed by the hydrogen treatment. Table S3 summarizes the stoichiometry (atomic ratio of Mo:S) of the same MoS2 sample when it was pristine (P), sulfur-treated (S), and following the hydrogen treatment (S + H), which were identified through components'peak fitting (an example is shown in Figure S10 ). As expected, for the same MoS2 sample, the stoichiometry changes from 1.89 to 1.96 after the sulfur treatment, which indicates a reduction of sulfur vacancies in the MoS2 surface, and more importantly, stoichiometry of the same MoS2 sample changes to 1.90 after the hydrogen treatment, which signifies an increase in sulfur vacancies in the MoS2 surface. Overall, the results agree well with our hypothesis that the proposed sulfur / hydrogen treatment reduces / increases the amount of sulfur vacancies in the basal plane of MoS2.
13 Figure S9 . XPS spectra of the same MoS2 sample when it was pristine (P), sulfur-treated (S), and followed by the hydrogen treatment (S + H). (a) Mo 3d and (b) S 2p XPS spectra of the MoS2 sample. (a) (b)
